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Deacriptlon 

NCO-Free Resina Useful As a Substitute 
for Polyurethanes 

Technical Field 

5 The present invention relates to NCO-free resins and 

coatings possessing the outstanding performance 
characteristics of polyurethanes. 

Background Art 

For the past several decades, urethane coatings, 
10 blocked ur ethanes, etc. have been very successfully used as 
polymers for coating and engineering polymers. They have 
been formulated to achieve outstanding results for the 
industry. 

Most commonly, urethanes are prepared by a reaction in 
15 which free isocyanates (NCO) are reacted with various other 
groups in a two-package system. Recent environmental 
toxological studies however indicate that it is very 
desirable to eliminate free NCO groups from uncured polymers 
coatings. This would prevent exposure of this toxic 
20 material to humans during manufacture, application and in 
the final product, and the product would be very stable 
because no NCO groups would be available to react with 
moisture, etc. To date no satisfactory solution to this 
problem is available. 

25 There is thus a strongly felt need for NCO-free resins 

and coatings possessing the outstanding performance of 
urethane materials. Notably there is a strongly felt need 
for NCO-free resins and coatings possessing the following 
advantages i high gloss, high impact resistance, good 

10 hardness and flexibility, good solvent and chemical 
resistance, good OV resistance in weathering, and good room 
temperature cure. 
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Disclosur e of tha Invention 

Accordingly, one object of this invention is to provide 
novel NCO-f ree resins and cured products thereof possessing 
the outstanding performance characteristics of urethane 
5 materials. 

Xt is another object of this invention to provide novel 
NCO-free resins and cured products thereof possessing high 
gloss characteristics. 



10 



15 



20 



25 



It is another object of this invention to provide novel 
NCO-free resins and cured products thereof possessing high 
impact resistance. 

It is another object of this invention to provide novel 
NCO-free resins and cured products thereof possessing good 
hardness and flexibility characteristics. 

It is another object of this invention to provide novel 
NCO-free resins and cured producte thereofposseesing good 
solvent and chemical resistance. 

M _ Ik 18 anofeher ob i* ct <* ^8 invention to provide novel 
NCO-free resins and cured products thereof possessing good 
OV resistance and weathering characteristics. 

^ It is another object of this invention to provide novel 
NCO-free resins which cure rapidly at room temperature. 

It is another object of this invention to provide a two 
component kit for preparing NCO-free resins and cured 
products thereof which have a long life. 

The inventor has now discovered NCO-free resins and 
coatings which satisfy all of the above objects of this 
invention, and other objects which will become apparent from 
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the description of the invention given hereinbelow. 

These NCO-free resins and coatings are obtained by 
curing a two-component mixture. The first component of the 
mixture is at least one polymer carrying acetoacetyl 
5 groups. The second component of this mixture is at least 
one HCO-free urethane bearing at least two unsaturated end 
groups (i.e. vinylic end groups). This mixture is cured in 
the presence of a catalyst having a pRa of 12 to 14. 

Beat Mode for C arrying Out the Invention 

10 The present invention uses two different polymers 
possessing acetoacetyl groups: an acetoacylated 

(meth) acrylic resin and an acetoacetylated polyester. These 
two different polymers possessing acetoacetyl groups can be 
either used individually or together in preparing the cured 

15 products provided by this invention which includes coatings, 
articles, adhesives, etc. I vide infra) . 

Acetoacetvlafced -fmethlacryllc resin s 

In one embodiment, the acetoacetylated acrylic resin is 
obtained by copolymerising a mixture containing 10 to 60 
20 wt.%, preferably IS to 35 wt.%, of at least one monomer of 
formula (I)i 

CH 2 «C{R 1 )-CO-0-CH2CH2-0-CO-CH 2 -CO-CH3 (I) 

and 40 to 90 wt.%, preferably 65 to 85 wt.%, of at least one 
alkyi (meth)acrylate of formula (II) x 



(II) 



25 CHj-Cd^J-CO-O-R 

wherein R is a C x . 12 linear or branched saturated alkyi 
group and R 1 is a hydrogen atom or a methyl group. 

In another embodiment, the acetoacylated (meth)acrylic 
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reain i a obtained by copolymertzing a mixture containing the 
same ratioa aa above of at leaat one monomer of formula (I) 
together with at leaat one alkyl (meth)acrylate of formula 
(XI), and in addition 10 to SO wt.% of atyrene. 

* Theae acetoacetylated (meth)acrylic reaina have a 
molecular weight, A n , of from 10,000 to 16,000, preferably 
13,000 to 15,000. (R n . number average molecular weight.) 

The acetoacylated (meth)acrylic reaina may be prepared 
by polymerization of the monomera by conventional methoda 
w uaing conventional polymerization catalyata. The 
polymerization ia preferably carried out uaing free-radical- 
forming catalyata in aolution or in emulaion. Conventional 
emulaif iera and/or protective' colloida may be used when the 
copolymera are prepared in aqueous emulaion. 



15 



When the polymer ia prepared in aolution, in addition 
to water, auitable organic aolventa which can be used 
include aromatic hydrocarbons such aa benzene, toluene and 
xylene, ketones such aa methylethylketone, esters of 
saturated carboxylic acids auch aa ethylacetate, 
20 butylacetate and methylglycolacetate, alcohoia auch aa 
methanol, ethanol, isopropanol, nbutanol, isobutanol and 
glycols and alao glycol ethera, for example the methylether 
of ethylene glycol. 

Acetoacetylated polyester r»«<n . 

25 functionalized with acetoacetyl groups 

can be obtained in one of two ways. 

In one embodiment, the polyester and a c, 
acetoacetate, e.g. methyl acetoacetate, are subjected to 2 
30 mIZf etif V* ti0 0 reaCti0n ' The ^-ter used has a 
Z TT We f 9ht ' ° f X '° 00 t0 10 ' 000 ' 1,200 
Ian!!? V POSaeSSeS h * dtox * 1 9to«pa. The hydroxy group- 
containing Polyesters may contain, aa the acid derived 
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moiety, moieties derived from benzoic acid, p-t-butyl 
benzoic acid, capric acid, caproic acid, dimethylol 
propionic acfd, a-ethyl butyric acid, 2-ethyl hexanoic acid, 
adipic acid, azelaic acid, dimethyl glutarate, fumaric acid, 
5 isophthalic acid, maleic anhydride, terephthalic acid, 
citric acid, trimeXlitic anhydride, pyromellitic 
dianhydride, and combinations of two or more of these. 

The hydroxy compound derived moiety nay be derived from 
amyl alcohol, benzyl alcohol, butyl alcohol, cetyl alcohol 
10 (hexadecanol), ethyl alcohol, a-ethyl hexyl alcohol, hexyl 
alcohol, isobutyl alcohol, isopropyl alcohol, methyl 
alcohol, octyl alcohol, pentyl alcohol, propyl alcohol, 1,3- 
butane diol, 1,4-butane diol, 1,2-, 1,3- or 1,4- 
oyclohexanedimethanol, diethylene glycol, dimethylol 

W propionic acid, dipropylene glycol, ethylene glycol. Ester 
Diol 204, 1,6-hexanediol, hexylene glycol, neopentyl glycol, 
1,5-pentanediol, propylene glycol, tetraethylene glycol, 
triethylehe glycol, trlmethylene glycol, 

trlmethylpentanediol, glycerine, trimethylol ethane, 

20 trimethylol -propane, tris(hydroxyethyl)isocyanurate, 
pentaerythritol, and combinations of of two or more of 
these. 

The polyesters have a hydroxyl group content of from 
150 to 900 equivalent weight (solids), preferably 150 to 750 
25 equivalent weight, -OS (solids). 

The transesterif ication reaction is carried out using 
conventional methods using conventional transesterification 
catalysts. The polyester is reacted with the e l<m4 alkyl 
acetoacetate in the presence of a transesterification 
30 catalyst to give the acetoacetoxy-resin and a low molecular 
weight alkyl alcohol which is distilled off. Any well 
known transesterification catalyst may be used, e.g. an acid 
catalyst like trichloroacetic acid. At least 75% and up to 
100%, of the polyester hydroxyl group are esterified. 
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in another embodiment, the polyester functionailzed 
with acetoacetyl groups is obtained by subjecting to 
standard free radical graft polymerization reaction 
5 £oraiu°u) " Un8atUrated P 01 ^ 8 ^ ***** « monomer of 

CH 2 «C ( R 1 ) -C0-O-CH 2 CH 2 -O-C0-CH 2 -C0-CH 3 (I) 

to obtain a product in which at least 70% and up to 100% of 

2L!f yl ; nlCa !: ly Un8atttrated *» the unsaturated 

polyester have been reacted. 

10 The unsaturated polyester starting material used has a 
molecular weight, f^. of from 1,500 to 8,000 preferably 
1,500 to 3,S00. The diacid component of the unsaturated 
polyester includes, for example, Pieties derived from 
fumaric acid, maleic acid, itaconic acid, citraconic acid, 

15 iconic, aconitric acid, and mixtures of two or more of 
these diacids. Unsaturated polyesters containing fumaric 
and/or maleic ac^d-derive moieties are preferred. 

I 

The diol component of the unsaturated polyester 
includes, for example, moieties derived from ethylene 

20 SEE 1 ' pro ^ lene glycol, diethylene glycol 
(HOCH 2 CH 2 OCH 2 CH 2 OH), Methylene glycol (H0(C 2 H 4 0) 2 CH 2 0H) , 
polyethylene glycol, dipropylene glycol (mixed isomers , 
polypropylene glycol, 1,3-butane diol, 1,4-butane diol, 1,6- 
hexanedlol, neopentyl glycol, 1,2-, 1,3- or 1.4- 

25 cyclohexanedimethanol, 2,2,4-trimethyl pentane diol, 
bisphenoi a, triaethylolethane, tri ne thylolpropane, 

"T^T 1 ™ 9lyC01 ' dinethyl01 Phonic acid. Este 
Diol 204, hexylene glycol, 1,5-pentane diol, tetraethylene 
glycol, monools of allyi ethers, and mixtures of at least 
30 two of the diols. The unsaturated polyester may optionally 
contain from 10 to 50 wt.% of styrene-derived units. 
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KCO-free ur ethane functionalized with unsaturated 
end groups t . 

The NCO-f ree urethane polymer nay be a urethane polymer 
having at least two (meth)acrylate end groups. This polymer 
5 can be obtained using one of two different procedures. 

In the first procedure, a C 2 . 12 linear, branched or 
cyclic alkyl or arylpolyol having an average of from 2 to 4 
hydroxyl groups per molecule is reacted together with a C 2 _ 
12 linear, branched or cyclic saturated alkyl or aryl 

10 diisocyanate, triisocyanate or tetraisocyanate, or a mixture 
of these, at a temperature of from 5 to 20*0 using any known 
conventional catalyst. The reactants are then heated to a 
temperature of from 40 to 1S0»C and held at this temperature 
for a period of time sufficient to reduce the M00 content of 

15 the reaction mixture to 4 to 20 wt.%. 

A hydroxy substituted alkyl (methjacrylate of formula 
(Hl)t . 

CH 2 =C ( R 1 ) -CO-0-R 2 -OH (in) 

wherein R 1 is a hydrogen atom or a methyl group, and R 2 is a 
20 C 2 _ 3 linear or branched saturated alkylene is then added to 
the reaction mixture. Together with the hydroxy-substituted 
alkyl (meth)acrylate of formula (ill) other vinyl group- 
containing monomers and polymers may be added optionally 
with suitable stabilisers. These vinyl containing monomers 
25 can be any monomer processing an a, a -unsaturated esters 
functionality. The stabiliser may, for example, the 
monomethyl ether hydroquinoline (METHQ) which may be used in 
an amount of 100 to 500 ppm, preferably 150 to 250 ppm. 

The reaction temperature is maintained at 40 to 150»c 
30 until the NCO content of the reaction mixture approaches 0 
wt.%, i.e. until the NCO content is not more than 4 wt.%, 
preferably not more than 2 wt.%, and moat preferably not 
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TlllT" 1 ^ thiS ti0e an of * C,. 4 alkyl 

alcohol, such as methanol, ethanol, etc. is added while 
maintaining the reaction temperature at from 40 to 150'C • 

is added in an amount corresponding to a OH to NCO ratio of , 

l\ T U * § Preferabl y to »ost preferably 1.5 to 
2.0 The temperature is maintained at 40 to 150*C until the 
NCO content reaches a 0.0% NCO is determined by the standard 
ASTM 0 2572-70 (di-butylamine). standard 

» Thus in this embodiment, among others, a NCO-free 
urethane functionalized with unsaturated end groups and of 
formula (VI) is obtained* 

( CH 2 =C ( R X tCO-0-R 2 -0-CO-NH-B-NH-CO-OipA (VI) 
in formula (VI), p ia an integer of from 2 to 4. Each is 

L n e rL e « y * hydr09en at °° " * ~ tb » 1 Each ** i. 

Independently a c 2 _ 3 linear or branched saturated 

IZ'T' Jf? f 18 * a c 2 . 12 linear or branched 

saturated alkylene, or a C 4 _ 12 cyclic saturated alkylene, or 

20 LSKL^STT' Abo" a is a C 2 . 12 linear or branched 
*u saturated alkylene group or a e 

alkyl.n. .roup* CyC " C 

Th. «at.rUl of formula ( vi, i. obtain* whan . 
diisocyanat. is used. Bov.v.r it win „. recognized that 
Products h„ln, dlff.r.at structures .r. obtained ^. 
a triisocyaaates and/or tetraisocyanale. are used. 

above 1 ", r? 6 ,' emb0diment ' U,la » *•» P'0««» outli».d 



CH^C(R3-)-.C0-O~R2.0 f C0-NH-B-NH-C0-0-A-Q4- 
-CO-NH-B-NH-CO-O-R^-O-CO-C ( R 1 ) =CH 2 



(IV) 
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In formula (VI) each R 1 la independently hydrogen or 
methyl. Each R* is independently a C 2 . 3 linear or branched 
saturated alkylene. Each B is independently a C 2 „ 12 linear 
or branched saturated alkylene, or a C 4 . 12 cyclic'saturated 
5 alkylene, or a C 6 . 12 arylene. Each A is independently a C 2 _ 
12 linear or branched saturated alkylene, or a C 4 _ 12 cyclic 
saturated alkylene. And n is 1 to 4 for coatings and 1 to 
10 for elastomers. 

In another embodiment, the MCO-free ur ethane 
10 funetionalized with unsaturated terminal groups is obtained 
by reacting a diisocyanate and/or a triisocyanate and/or a 
tetraiisocyanate with a hydroxy-substltuted alfcyl 
(meth)acrylate of formula (III) to obtain a product of the 
formula (V): 

lS (CH 2 »C(R 1 tC0-O-R 2 ^O-CO-NHt n X (V) 

wherein variables R 1 and R 2 are as defined above, X is the 
diisocyanate, triisocyanate or tetraiisocyanate nucleus or a 
mixture thereof, and m is 2, 3 or 4. 

To obtain the compound of formula (V) the diisocyanate 
20 and/or triisocyanate and/or tetraiisocyanate is reacted with 
the hydroxy substituted alkyl (meth)acrylate formula (III) 
at a temperature of from 40 to 1S0»C for a length of time 
necessary to reduce the NCO content of the reaction mixture 
to 4 to 20 wt.%. The hydroxy substituted alkyl 
25 (meth)acrylate may be used together with other c.fl - 
unsaturated esters and with vinyl containing monomers and 
polymers and with suitable stabilisers. 

The reaction temperature is maintained until the NCO 
content approaches 0 wt.%, i.e. is less than 4 wt.%, 
30 preferably less than 2 wt.% and most preferably less than I 
wt.%, at which time an aliquot of a C x . 4 alcohol similar to 
that described above is added while maintaining the reaction 
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temperature until no detectable NCO is obtained (i.e. until 
the NCO content is 0.0% as defined by ASTM D 2372-70 <di- 
butylamine). As discussed supra , the Cl-4 allyl alcohol is 
added in an amount corresponding to a NCO to OH ratio of at 
9 least l.s # preferably l.s to 20. The product thus obtained 
has a molecular weight f^, of 200 to 8,000 preferably 400 to 
4,000. 

When the NCO-free urethane , functionaliaed with 
unsaturated end groups is prepared (e.g. from a diol to 
10 obtain the material of formula (IV, or from a polyol to 
obtain the material of formula (VI),, it will be appreciated 
that a molar excess of the . isocyanate (vis. the 
diisocyanate, triisocyanate and/or tetraiisocyanate, over 
the hydroxy compound must be used in the preparation of the 
prepolymer. m this reaction formation of the isocyanate- 
prepolymer may be assisted by the use of catalysts known in 
the art to assist polyurethane formation. For example, 
these include tertiary amines, and methyl salts, e.g. 
stannous octoate and particular dibutyl tin dilaurate. 

20 The reaction of the hydroxy compound and the Isocyanate 
may produce a viscous urethane prepolymer and, especially 
when the degree of polymerization is large, the prepolymer 
may be solid, it is desirable in these circumstances that 

25 21 Trt m ° f ^ hydr ° Xy COnp ° Und and fehe ^ocyanate be 
effected in the presence of an inert diluent. Similarly, 

where the urethane prepolymer is very viscous or solid, 

further reaction of the prepolymer is desirably effected in 

the presence of an inert- diluent. 

30 whiJ** dUUent 8hOUW be 8ub8t *»"ally free of groups 
30 which are reacted with isocyanate groups, at least to such 

S-HT* dUUCnt d ° es nofe lnt «<«* with the 

formation of the prepolymer. m the preparation of the 

material of formula (VI,, the diluent can of course be the 
hydroxy substituted (methjacrylate of formula (III, 
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When the ur ethane prepolyner is prepared in an inert 
diluent , the prepolyner nay be separated from the diluent , 
e.g. by evaporation of the diluent or by the addition to the 
diluent of a ifcn-solvent or the prepolyner. 

5 The C 2 «x2 branched or cyclic alkyl or aryl 

polyol which can be used in the present invention include 
methylene glycol, propylene glycol, butylene glycol, 
glycerine, trimethylolethane (THE), trimethylolpropane (TMP) 
and pentaerythritol, or combinations of these materials. 

10 Examples of diols and polyols which do not have cyclic 

groups in the chain include, for example, ethylene glycol 
and propylene glycol, in which case A has the structure 



Butylene glycol, diethylene glycol 1,3-butane diol, 1,4- 
15 butane diol, dipropylene glycol, 1,6-hexanediol, hexylene 
glycol, neopentyl glycol, 1,5-pentanediol, tetraethylene 
glycol, trie thy lene glycol, trimethylene glycol, t rime thy 1 
pentane diol, trimethylol ethane, or trimethylol propane, 
and derivatives of these materials in which one or nore of 
20 the carbon atoms are substituted by atoms or groups which 
are unreactive towards hydroxyl and isocyanate group may be 
used. 

Examples, of diols containing cyclic groups which may 
be used in the preparation of the urethane prepolymer 
25 include, for example, cycloalkane diols, e.g. 1,2-, 1,3- or 
1,4-cyclohexane diol and a diol having the structure 



CB 



-CH2-CH2-, -CH2-CH- 
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in which* ease the group A in the urethane prepolymer has the 
structure 

-QO--0O 

respectively. other suitable diols include, for example, 
> cycloalkane dialkanols, e.g. 1,2-, 1,3- or 1,4-cyclohexane 
dimethanol or 1,2-, 1,3- or 1,4-cyclohexane diethanol, 
polycycloalkane diols, polycycloalkane dialkanols, aryl 
dialkanols and condensates of alkylene oxides with aromatic 
compounds containing two phenolic groups. 

10 Other diols which can be used are diols of the 

structure 

HO-CCa-CH-OtaAr- (O-CH-CHifeOB 

R 4 R 5 »4 R 5 

that is, oxyalkylated derivatives of phenolic compounds, 
where R4 and RS are hydrogen atoms or c x . 4 alkyl groups, 
15 e.g. methyl, and Ar is a divalent aromatic group in which 
each free valency is on an aromatic carbon atoms, and in 
which a+b together preferably total not more than 8 and a is 
preferably not greater than b*3. 

Ar may be mononuclear, e.g. as in phenylene, fused 
20 polynuclear as in naphthalene or anthracene, or preferably 
has the structure 



■oo- 
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in which Y % Ib a divalent link, e.g. -o-, -$o 2 -, -co- or 
-CB 2 - or a substituted derivative of -CH 2 - e.g. 



j*3 

-C- 
I 

CH 3 



Suitably, one of the groups R 4 and R 5 is hydrogen and 
5 the other is methyl, or both R 4 and R s are hydrogen. That 
is, the diol nay be prepared by reaction of propylene oxide 
or ethylene oxide with a phenolic compound having the 
structure RO-Ar-OR, preferably 



10 Preferably a+b is not greater than 4. 

Diisocyanates containing cyclic groups which may be 
used to prepare the urethane prepolymer include, for 
example, diisocyanates in which the chain between the free 
valencies is provided with at least one aromatic group or at 
15 least one cyeloaliphatic group, or in which the chain 
between the free valencies includes in combination at least 
one aromatic and at least one cyeloaliphatic group. 

Cyeloaliphatic diisocyanates include for example, 
diisocyanates of the structure r 



20 



OCN NCO 
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where -Y- is a divalent link which may be, for example, 
-CH 2 - or substituted derivative thereof, -0-, -S0 2 -, 
-CO-* and the isoeyanate groups are linked met a- or para- to 
the groups y. a particular example is 4,4«- 
5 dicyclohexylmethane di isoeyanate. 

Aromatic diisocyanates which may be used include, for 
examples, 2,4- or 2,6-tolylene dlisocyanate, or 
mixtures thereof, in which case the divalent group B or x 
has the structure 



10 



p- - o 



or a combination of said structures. Another suitable 
aromatic diisocyanate is that having the structure 

where a is a whole number chosen such that there are 
15 preferably not more than 20 atoms between cyclic groups in 
the urethane prepolymer derived therefrom. a suitable 
diisocyanate having the latter structure is xylylene 
diisocyanate. ■■ 

V 

Another suitable diisocyanate is that having the 
20 structures 



NCO 
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where Y is a divalent link which nay have the designations 
hereinbefore described and in which the isocyanate groups 
are linked net a or para to the group Y. A preferred example 
is 4,4 , -diisocyanatodiphenyl nethane. 

5 Oiisocyanates which do not contain cyclic groups nay be 
used in the production of the urethane prepolymer. Suitable 
such diisocyanates include, for example, tetramethylene 
diisocyanate, pen tame thylene diisocyanate and hexamethylene 
diisocyanate, in which case the divalent group B or x will 
10 have the structure -(CH 2 ) 4 - f -(CH 2 ) 5 - or -(CH 2 ) 6 -. 

Preferred isocyanates are 1,6-hexamethylenediisocyanate 
(HDI) , trimethylhexanethylenediisocyanate (TMDI), 

isophoronedi isocyanate (IPDX), toluene diisocyanate (tOX) 
and 4,4'-diphenyl methane diisocyanate (MDI), and 
15 combinations of these* 

A polyisocyanate-containing naterial may be obtained by 
reacting a polyol of the fornula 

RfOH) x 

with a diisocyanate of the fornula 

50 OCN-R'-NCO 

where the diisocyanate is used in a molar amount of 2(x) 
relative to the polyol. The reaction product obtained has 
the structure 

I Or ethane* (NC0) x 

5 and is reacted with a hydroxy-substituted alkyl 
(meth)acrylate of the formula 

OT 2 «C(H f MetCO-0-R , »-OH 
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which is used in a molar amount of 2(xy to provide a product 
of the formula 

[Urethanef (CO-C(H,Me)*CH 2 ) x . 

In the above description, R is C s . 100 linear or branched or 
5 cyclic alkyl, x is an integer of from 4 to 10, R' is C 6 . 15 
linear or branched or cyclic alkyl, and R" is C 2 _ 6 linearor 
branched or cyclic alkyl. Examples of RfOH) x include, when 
R • C 5 and x • 4, pentaerythritol, a material of the formula 

HO-CH 2 -C(CH 2 OH) 3 

10 Also when R is C 6 . 100 alkyl, x may be > 4, e.g. the hydroxy- 
substituted polyester may be used for RfOH) x . 

Dses i 

The materials obtained by curing the two components 
used in the present invention may be used in any application 

15 in which polyurethanea are used. These applications include 
acoustic foams, building products, contact lenses, 
craniofacial reconstruction, cushioning, fibers, films, foam 
insulation, insulation, mouth protectors, packings, 
recreational surfaces, coatings, fabric coatings, concrete 

20 waterproofing, leather coatings, magnetic tape binders, 
elastomeric blends, sealing applications, etc. 



A salient advantage of the compositions of the present 
invention is their curing characteristics. The compositions 
readily cure at temperatures below 120»c, preferably below f 
25 100»C, and they can also be cured easily at room 
temperature. 



One of the uses of the present compositions is in 
coating varied articles which may be coated with 
polyurethane coatings. These articles include e.g., 
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automobiles (e.g. exterior of automobiles, etc.), fabrics 
{e.g. raincoats, clothing, shoes, umbrellas), etc. These 
articles may be obtained by using known procedures used with 
polyur ethanes. The present compositions can also be used as 
sealants (e.g. for double pane windows). 

Coatings and articles in accordance with the present 
invention are obtained by curing at least one of the 
polymers functionalised with acetoacetyl groups together 
with at least one HCO-free urethane functional! sed with 
unsaturated end groups in the presence of a catalyst. The 
catalysts used must have a pRa of form 12 to 14. Suitable 
catalysts which may be used include 1, 8-diazo-[ 5.4.0 ]- 
bicycloundecene, tetramethyl guanidine, 1,4- 

dihydropyrldines, and 2-allyl-N-alkyl imidazoline. 

15 The acetoacetylated acrylic resin and/or 

acetoaeetylated polyester resin component, on the one hand, 
and the NCO-free resin component, on the other hand, are 
reacted in an amount of 1 to 0.8 to 1.2, respectively, 
preferably 1 ter ca. 1, these amounts being measured in 
equivalents of acetoacetyl groups to equivalents of vinylic 
groups in the NCO-free resin. The catalyst is used in an 
amount of 0.2 to 3.0 wt.%, preferably 0.2 to 1.0 wt.%. 
These amounts are based on the amount of resin solid. 



20 



25 



The two-component coating systems of the present 
Invention are isocyanate-free. They are easy to apply using 
known techniques, requiring the use of only conventional 
existing equipment without the need for taking special 
safety precautions. The coatings and articles obtained from 
these compositions possess the outstanding performance 
30 characteristics of polyurethanes. 

Other features of the invention will become apparent in 
the course of the following descriptions of exemplary 
embodiments which are given for illustration of the 
invention and are not intended to be limiting thereof. 
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The list below identifies the abbreviations used in the 
experimental section. 



MATERIALS 

1. Acetoacetoxyethyl Methacrylate Monomer 



SOURCE 



(AAEM) 



CAS No. 21282-97-3 



2. Butyl Aerylate Monomer 

(BA) CAS No. 1X1-32-2 

3. Butyl Methacrylate Monomer 
(BMA) CAS No. 97-88-1 



10 4. n-Butyl Acetate 



CAS No. 123-86-4 



5. BYK 300 
(Paint Additive) 

6. BYK 306 

15 (Paint Additive) 



7. Oeamodur H 

1 v 6-Hexamethylene Dilsoeyanate (HDD 
CAS No. 822-06-0 

8.. Oesmodur W 

20 Methylene Bis(4-eyclohexylisoeyanate) 

CAS No. 

9. 1»8-Dlaza-bieycloC5,4 t 0]undecene-7 
(Amioure DBU / OBO) 

CAS No. 6674-22-2 

25 10. Ektapro EEP Solvent 

(EEP) CAS No. 

11. 1 ,6-Rexanedlol Dlaorylate 
(HDODA) CAS No. 13048-33-4 

12. High Plass Naphtha 

30 . (Unical 86) CAS No. 

13. Hydroxyethyl Aerylate Monomer 
(ROCYL 420 / HEA) 

CAS No. 818-61-1 

« 14 * ?£il! 0 * y P ro ' ) y 1 Aenrlate Monomer 
35 (ROCYL 430 / HPA) 

CAS No. 25584-83-2 



EASTMAN CHEMICAL 
ROHM & HAAS 
ROHM & HAAS 
UNION CARBIDE 



BYL MALLINCKRODT 
CHEMISCHE PRODUKTE 



BYK MALLINCKRODT 
CHEMISCHE PRODUKTE 



MOBAY CHEMICAL CORP. 

MOBAY CHEMICAL CORP. 

AIR PRODUCTS 
EASTMAN CHEMICAL 
INTEREZ 

VARUM CHEMICAL 
ROHM & HAAS 
ROHM & HAAS 
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15. Isophorone Dilsooyanate 

(XPDZ) CAS No. 4098-71-9 

16. IPOI-f 1890* L 
(Isooyanuratfe of XPDZ) 

5 CAS No. 

17. Iaoeyanate 81 

(Modified 4,4'-Diphenylmethane 
Oliaooyanate) 

CAS No. 

10 18. 4,4'-Diphenyl Methane Oliaooyanate 
(MONDUR M, MDI) 

CAS No. 

19. Mereapto Ethanol 

CAS No. 60-24-2 

15 20. Methyl Methacrylate Monomer 

(MMA) CAS No. 80-62-6 

21. MPA-2000 

(Anti-setting agent) 
CAS No. 

20 22. Styrene Monomer 
CAS No. 100-42-5 

23. TIOXIDE RCR 60 : 

(Titanium Dioxide, Pigment) 

CAS No. 13463-67-7 

25 24. Toluene Dilsooyanate 
(MONDUR TD-80 TDI) 

CAS No. 



25. 
30 26. 
27. 
28. 

35 

• 29. 
30. 

40 



Trlmethylolpropane Bthoxy Trlaerylate 
(TMPEOTA) CAS No. 28961-43-5 

Trlmethylolpropane Trlaerylate 
(TMPTA) CAS No. 15625-89-5 

Trlmethylol Ethane 

(1MB) CAS No. 77-85-0 

Trlmethylol Propane 

(TMP) CAS No. 77-99-6 

Trlmethylhexamethylene Dilsooyanate 
(TMDI) CAS No. 16938-22-0 

VAZO 67 

2,2 , -Azobla(2-Methylbutyronltrile) 
CAS No. 13472-08-7 



HUELS 
HUELS 

BASF 
HOBAY 

ALDRZCH/BASP 
ROHM & HAAS 

NL CHEMICALS 
POLYSAR 

TIOXIDE CORP. 

MOBAY 
SARTOMER 
INTEREZ 
IMC 

CELANESE 
HUELS 

DU PONT 
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31. VAZ0 64 
Azobisiaobutyronltrlle 

CAS No. 78-67-1 DU PONT 

32. Xylol CAS No. 1330-20-7 HARRISONS & 

CROSSFXELD 

5 33. Propylene Olyool Monomethyl Ether Acetate 
(EKTASOLVE PM Acetate, PHA) 

CA S No. EASTMAN CHEMICAL 

34. Monomethyl Ether of Hydroquinone 

(MEHQ) CAS No. 150-76-5 EASTMAN CHEMICAL 

10 35. Dlbutyltin Dilaurate 

(T-12, DBTL) CAS No. 77-58-7 MAT CHEMICAL 

36. Methyl Ethyl Ketone 

(MEK) CAS No. 78-93-3 HARRISON & 

CROSSFXELD 
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FORMULATIONS OP TWO COMPONENT NCO-FREB WHITE PAINT 

RAW MATERIALS OP PART ONE t 

X. White Paint - A — Resin A, GX-75-146 
2. White Paint - B ~ Resin B, GX-75-162 

5 RAW MATERIALS OF PART TWO t 

2, ETMPTA — Ethoxylated triaethylolpropane triacrylate 

4. NCO-free acrylic urethane-B (NFAO-B) — GX-81-170 

5. NCO-free acrylic urethane-C (NFAO-C) — CX-87-3 

6. NCO-free acrylic urethane-D (NFAU-D) — GX-87-37 
10 7. NCO-free acrylic urethane D (NFAU-D) — GX-87-37 

CATALYST I 

DBO — l#8-dlazar(5,4,0]-bicycloundecene. 
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NCO-FREE W HITE ACRYLIC ENAMEL FORMULATION 
PART OWE i White Paint-X 

Where, x - white Paint-A, White Paint-B or 
White Paint-A, and White Paint-B. 
PART TWO« Crosslinking Agent-Y 

Where, Y • TMPTA, ETHPTA or TMPTA and STMPTA 
EQ. HT. Ratio of part One/Part Two - 1/0,8-1 
CATALYST! DBU, 0.4-1.0% TRS 



^UBsnnrrE sheet 
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part one i White Paint-x 

Whore, x - White Paint-A, White Paint-B or 
White Paint-A, and White Paint-B. 



5 PART TWO i 



Crosslinking Agent-Y 

Where, Y - NFAU-A, NFAU-B, NPAO-C, NFAU-D, NFAU-E 
or mixture o£ both e.g., NFAO-A/NFAU- 
B, ETMPTA/NFAU-D , NFAU-D/NFAtJ-E etc. 



EQ. WT. Ratio of Part One/Part Two - 1/0.8-1.0 
10 CATALYST I DBU, 0.4-1.0% TRS 
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RAW MATERIALS 



A. Neopentyl Glycol (EASTMAN) 944.4 cue 

5 B. Pentaerylthrltol (CELAnese) HI I gms 

C. Isophthalic Acid (AMOCO)... "I.I.slSli CMS 

0. Adipic Acid (basf) : : .Ill I Si 

E. Benzoic Acid (BAYER) ll.ul.l CMS 

10 PROCEDURE 

1. Charge neopentyl glycol and adipic acid into a 5-L flask 
equipped with agitator, sample tube, thermometS 

toUrcSnSsSr. packed parfelai c ^™«/water r ;?:r;5d 

15 2. Increase temperature to 130+5C. at 130C wei«h <» 
isophthalic acid, pentaerylthrltol and benzoic Tclt 

3. Beat to 215+SC (max.) and maintaining an exit vaoor 

IS P 35to?»? k 10 ?t 5 S Cnax - ) on P»'tial condenser 3B& 
the distillate exit temperature falls below 90C aiim 
20 reaction mixture to cool to 1S0C. 

4. Remove the packed partial condenser and start addition 
!f %llL t0 ? s ** oli8h solvent reflux processing and hold 
at 215+5C until an acid value of 10 is reached. 

5. Cool to 150C and dilute to 80 MVM% with n-butyl acetate. 

25 SPECIFICATIONS : 

Solids content % no 

S ttC08it y 88", Z4-5 

Sior::::::::::::::::::::: \° 

30 WPG (IMP.) ...HI!!; 11 0 

5H:s?Ht:(soads^\-::::::::::::: s»w acetat * 
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cx«w«i63 e ?cx g 59 Y 80? XV " qr ° UP contalnlnq PQlwfeeg* 



RAW MATERIALS 



A. Adipic Acid (BASF) 1523 5 quo 

5 B. IPrimethylol Propane (CELANESE) ........ 561.0 CMS 



c. Propylene Glycol (DOW) 816.0 CMS 



PROCEDURE 



CMS 
, . , CMS 
25UO GM§ 



1. Charge adipic acid, trimethylol propane, and proovlens 

10 ?i?S 01 i? t0 * t* £la8 , k with agiStof, SSSlS 

10 tube, thermometer, nitrogen sparge, packed Dartlii 
condenser, water trap and total condenser^ 

2 ' to . 21s+ £ c . < max «) « nd maintaining an exit vapor 

"?i 5 S (fflax - > on P* rtl * * condenser Stil 
, c tna d *akillate exit temperature falls below 90C. Allow 
13 reaction mixture to cool to 150C. 

3. Remove the packed partial condenser and start addition 
Sf 5fi2L fea solvent reflux processing and hold 

at 215+5C until an acid value of < s is reached. 



SPECIFICATIONS I 



20 Solids content % os 

S!!!!^:::::;-— • ••••• 24-5 it 

coior mrirrrrrrrrrrrirrrinrrii 1# ? 

HPC (IMP.) J 

25 Solvent ...... I I x Jhf 

-OB,Eq.Wt. (solids) i?2 
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SAW MATERIALS 

A. Adipic Acid (BASF) 138s 0 rMQ 

5 2' Si*? thyl 2} (CELAHESE) iJS:J 

C. Ethylene Glycol (STANCEEK) • • . . 605.0 CMS 

2500.0 GKS 



PROCEDURE 
1. 



*" S?"2I?-., t '?. ,,, ? lt ?S. I ? ttial <»"«««w«t and start addition 

s ^uffv^si im rrssa.- 88 

20 5. Cool to ISOC.and dilute to 80 NVM% with n-butyl acetate. 



SPECIFICATIONS J 

Solids content %.....« a , 

Jfc 00 *"* : 52% 23 ?4 

» coioiimmn;. °*j 

wpg (imp.) i 

Solvent mm Ai»Q 

-c-H,Eq.wt . (soiidar . . . . . v.y.y. .* ^iai 
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NCO-FRRE ACRYLIC WHITE PAINT A 
PART 1 
GRIND PASTE 
OX-82-10fGX-75-106) ^ 

5 PREMIX 

XT??" 75 " 146 < NC °-* reB acrylic) 268.5 CMS 

S£ o1 ■ 80.5 CMS 

mpa-2ooox\ # :::::::::::::::::::::::::: 4 Sigg 
» b » k «o :::: 

DISPERSE AT HIGH SPEED IN A COWELS STIRRER FOR 15 MINUTES 
SIFT IN 

Tioxide RCR 60 220 . 0 GMS 

15 SANDHILL TO tt* SPEED ** 3 ° MIN0TES m ^BN 

MILL CLEANUP 

GP^GX.75-146 68 . 3 ^ 

xyxoi , 20 Q GMS 

PREMIX FOR MILL FLUSH 

20 S*::::"- fx-j «■ 

•*• •••• 30.0 GMS 

LETDOWN MIXTURE 

GP-GX-75-146 214 7 CMS 

n-Butyl acetate ............ 1 1 .\\ . 40. 0 GMS 

25 PREMIX FOR LETDOWN 

SPECIFICATIONS 1 

Viscosity (Stormer) «2 «n 

Dispersion (Hegmen).... 7 n 

Hiding ( Criptometer ) ' * »o2 

30 SAG { thousand of an inch) . ! ! ! * ' a ! 2 

Solids content %, by wt 48 J 
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NCO-PREE ACRYLIC RESIN 
fGX-75-1461 



RAW MATERIALS 



A. Methyl methacrylate , „„„ 

5 Butyl methacrylate I...*".:.!:: fH'Z 25 

8. 5j|S 0 |«toxyethyl methacrylate ....'I.' Sllgg 

c. ss«. «»r::::::::::::::::::: 255 8 :S s 

wo. Mercapto ethanoi , riii.*. , . , ::::;;:: % *;::; 50 J:S 

PROCEDURE 

20 V WO 30 0inUkeS ' feake 8an P le •« ■» 0.3 g of 

25 CHARACTERISTICS 

J 7 !} 1 50+1 

Color ••"mi!"**" 0 

39 Solvent 9.90+0.05 

Polydisp..!!!!"!!! * 15145 

1.7965 
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NCO-FREE ACRYLIC WHITE PAINT A 

PART 1 

GRIND PASTE 
GX- 82-llfOX-75-108) 

5 PREMIX 

GPjGX-75-162 *Acrylic polymer) 2 50*0 GMS 

High flash wp^:':::::::::::::;::::: fg-g g*f 

10 BYK 300 .... 3.6 GMS 

BSD AT HIGH SPEED FOR 15 MINUTES 
SIFT IN 

Tioxide RCR 60 280 . 0 

HSD FOR 30 MINUTES AND THEN SANDHILL TO 7H 
15 MILL CLEANUP 

Xylol" 75 "* 162 «5.0 GMS 
PREMIX FOR MILL FLUSH 

PREMIX FOR MILL RINSE 

LETDOWN MIXTURE 

GP-GX-75-162 200#5 GMS 

* y * OL * ••••• 30.0 GMS 

25 PREMIX FOR LETDOWN 

r 

SPECIFICATION ? 

DiSM?aiSn\ , :.\\ # :::.\ , ::::^\\*;;: , -"--v*- « jp 

Hiding JL H 

30 sag .r rrrrrrmirrrrr 

Solids content 'fli'wt I "1111111111111111 4 56. 7 
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NCO-PREE ACRYLIC RESIN 
(Gg .75-1621 . 

RAH MATERIALS 

> A - ^inS^?.:-: »*•> <** 

PMA/Xylol (20/865*1! 8,0 GM S 

. C Xylol.... I:.;™ I 2S5.0 CMS 

W o. Kercapto etbanol 250,0 GMS 

0.3 CC 

PROCEDURE 



5. 

25 



4# VaVoT?* BlnUte8 ' take sa »P le »** add 0.3 g of 



SPECIFICATIONS 



" * ••••••••• fi0+1 



30 viscosity • • • • 2 ° + * 



Sg oc rrrrirrrrrmirri y 

soivwi*::::::::::::: io.oo +0 .os 

35 SSiyiisp-::::: SB* 

2.5530 
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NPAO - A 
NCO-FREE ACRYLIC URETHANE 
GX-87-52 

RAW MATERIALS 

5 A. tPDI-T 1890 L . 700 00 eg 

** 5S« oxypropyl acr y lafc e 247^00 cms 

c. ^(T-i^::::::::::::::::::::::;:: Ji? 3 

n-Butyl acetate 5 00 cms 

10 D. n-Butyl acetate XOslSS CMS 

"1657.85 GMS 

PROCEDURE 

1. Charge RM-A, RM-D and RM-C Into reactor at R.T. 

t< 2 ' ?S2£, k °*.l S , +5 C a ^ d fflain J . tai n «t 75+5 C when RM-B is 
13 added within one hour under dry pressure air. 

3. Bold the reactor temperature at 75+5 C until NCO% 
drop to 1.0 I cool to 60+5 C and 20 ml of MEOB is 
aaaecu 

4t Maintain at-60+5 C until NCO% - 0.0 

20 SPECIFICATIONS 

NVM % 73 fl 

Viscosity (Gardner) 5a - £l A 

Color (Gardner)..,. I...... ' 3 f 

NCOt !!! n i 

25 WPG (IMP. ) (SP. GR.) l0 ?J° 

SfS**- ' - "-butyl ace?a?e 

Bq,wt * ' • •••• 387.89 (solids) 

525.1 (73.87 %) 
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NPAO - B 
NCO-FREE ACRYLIC OREThANE 
OX-81-170 (GX-75-159) 



RAW MATERIALS 



5 A> SU methyl01 P r °P ane < TMP > 112.50 CMS 

B * Map**" 0 " 6 dilsoc y anate < 1PD1 > 555.*50 GMS 

m c * sySi^thii'acriiaU'iHEA)*::::::^ ilV.ll 1*1 

0 22?5 .05 GMS 

°* J " .94 GMS 

™ 5.25 GMS 

1235.37 GMS* 

PROCEDURE 

15 1. Charge RM-A into reactor at room temperature. 

2. Bold at 20-30 C when RM-B is added within 15 minutes. 

3 * ?!2™i* fc 80 t! C attd 8045 C until NCO% 

reduced to 10. 

20 IS^iSutesT* 01 * 80+5 ° Wlth RM " C 18 added wlthin 

5. Maintain the reaction solution at 80+5 C until MCO% 
t X JS S toO-S* cool to 60+5 C and then 15 ml of 
methanol is added. 

6. Bold at 60+5 C until NCO% - 0. 

25 SPECIFICATIONS 

HTM % - ft 

viscosity ii 

Red - vi ° ::: io.8-, z S 

Color at 70% MVM 

30 NCO% * . * 

WPG ......11 , n °;S 

s °^ent :::::::::: 10 mIk 
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NFAU - C 
NCO-PREE ACRYLIC DRETHANE 
CX-87-3 (GX-75-160) 



RAW MATERIALS 



3 A. Trimethylol propane (TMP) 130*44 CMS 

MEK 293.00 GMS 

B. Desmodur H 487.54 GMS 

MEK 113.04 GMS 

C. Bydroxyethyl aery late (BEA) ........ 314.40 GMS 

10 HOME .06 GMS 

D. T-12 .49 GMS 

MEK 5.20 GMS 

1344.11 GMS 

PROCEDURE 

15 1. Charge RM-A into reactor at room temperature. 

2. Hold at 20-25 C when RM-B is added within 15 minutes. 

3. Cool down to 15+5 C when RM-D is added within 5 
minutes. 

* 

4. Heat to 50-"50 C and maintain at 50-60 C until NCO% 
20 reduced to a value of 12.0 (4-20% (9-12 preferred)]. 

5. Hold at 50-60 C when RM-C is added within 15 minutes. 

6. Maintain at 50-60 c until NCOt reduced to 0.5 and 
then 15 ml of methanol is added. 

7. Hold at 50-60 C until NCO% » 0. 
25 SPECIFICATIONS 

Viscosity 11", V 

Color i 

nco% o.o 

30 WW 10.47 

Solvent mek 
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NPAD - D 
GX-87-37 IGX-75-1671 



RAW MATERIALS 



A. Trimethy hexamethylene 

5 diisocyanate (TMDI) 210.00 GMS 

B. Hydroxypropyl acrylate (HPA) ........ 247.00 GMS 

q. DBTL (T-12) .25 GMS 

D « • .05 GMS 

571730 gms 

10 PROCEDURE 

1. Charge RM-A, RM-D and RM-C into reactor at room 
temperature. 

2. Heat to 65+5 c and hold at 65+5 C when RM-B and RM-E 
are added. 

15 3. Maintain the reaction temperature at 65+5 C until 
NCO% down into 1.0 and 15 ml of methanol is added. 

4. Bold at 65+5 C until BCO% - 0. 

SPECIFICATIONS 

Solids Content 70 3 

20 Viscosity c 

Color i 

NCO% fl J 

wpg (imp) ; l0 y 4 i 

Solvent * I] ; HI 
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NFAO - E 



GX-87-44 



RAW MATERIALS 



5 



c. 



B. 



A. 



Trimethylol propane (IMP) •• 

HER 

Trimethyl hexamethylene 

diisocyanate (TMDI) 

HER • ...... 

Hydroxypropyl acrylate (BPA) 



538.80 GMS 

50.00 GMS 

268.06 GMS 

0.06 GMS 

0.30 GMS 

5.50 GMS 



115.30 GMS 
268.00 GMS 



10 



D. 



BQMB 
T-12 
HER. 



1246.69 gmS 



PROCEDURE 

15 1* Charge RM-A into reactor at room temperature. 

2. Bold at 20-25 C when RM-B is added (30 minutes) under 
N and then RM-D is added. 

3. Beat to 65+5 C and maintain at 65+5 C until NCO% 
reduced to 10.0%. 

20 4. Continue to- "hold at 65+5 C when RM-C is added within 
one hour. 

5. Maintain at 65+5 C until NCO% down to 1.0% and then 
15 ml of methanol is added. 

6. Bold at 65+5 C until NCO% - 0. 



25 SPECIFICATIONS 

Solids content t 75.0 

Viscosity 12", W-X 

Colour •••••• • 1 

KCO% o.O 

30 WPG (IMP) 10.23 
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GP-GX-81-1S5 NCO-PREB ACRYLIC PAINT COLOR j RED 

GRIND PASTS 

PREMIX 

« CP-GX-7 5-162 Acrylic polymer ....... 125. 0 GMS 

SSjooii-:::::::::::::::::::::::::: «-j gg 
■«>« ::::::::::::::: !:S Sg 

BSD AT BXGR SPEED FOR 15 MINUTES 
SIFT IN 

10 Moly Orange 2565 «5 .1 cms 

Host Violet ER02 1 . 1 1 ! 1 1 ! . 8 J |5i 

Bon-Maroon-6002 0 .9 GMS 

BSD FOR 30 MINUTES AND THEN SANDMILL TO 7H 

MILL CLEANUP 

" SIS?" 75 ' 1 " "5.0 GMS 

X * 101 15.0 GMS 

PREMIX FOR MILL FLUSH 

X * 101 • 95.0 GMS 

LETDOWN MIXTURE 

xylol 100.00 GMS 

PREMIX FOR LETDOWN 

SPECIFICATION: 

25 DiSS?^ion'I^"!:::.*:::::::::••:::•• - • 5 ? 5° 

aiding ;;;;; ;;; 7 * 

sag .: & if 

Solids content %# By V. .... .! V , 

p* int ::: 934.5 gaI 
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GP-GX-81-137 NCO-FREE ACRYLIC FAINT COLORS GREEN 

GRIND PASTE 

PREHIX 

GP-GX-7S-162 .. 268.5 GMS 

5 Xylol 28.8 GMS 

HPA-20Q0X 3.6 GMS 

BXK 300.. 3.0 GMS 

" BSD AT HIGH SPEED FOR IS MINUTES 

SIFT IN 

10 I.A.F. Compound 1.8 GMS 

Sandor-Green-GLS 2.4 GMS 

LT Tel 09-425 2p 73.3 GMS 

Irgalit-Blue-BCA l.s GMS 

Tioxide RCR 60 3.6 GMS 

15 Regal 400R Black 0.3 GMS 

BSD FOR 30 MINUTES AND THEN SANDMILL TO 7B 

MILL CLEANUP 

GP-GX-7S-162 74.8 GMS 

Xylol 30.0 GMS 

20 PREMIX FOR MILL FLUSH 

Xylol 82.7 GMS 

FOR MILL RINSE 

LETDOWN MIXTURE 

GP-GX-75-162 543.9 GMS 

25 Xylol 92.1 GMS 

PREMIX FOR LETDOWN 

SPECIFICATION S 

Viscosity 60 KU 

Dispersion . 7 H 

30 Biding 726 

SAG ,. 6 - 7 

Solids content %, By V. 43.63 

Total paint 990.3 GMS 
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OP-OX-81-148 NCO-FREE ACRYLIC PAINT COLORi YELLOW 

GRIND PASTS ' 

PREMIX 

GP-GX-75-162 A „„_ 

5 Xylol ••••••• 236.4 GHS 

"PA-2ooox!i!!i!r;;;;ii;m*:;*';::" 12 Vl Sis 
bxk 300 rrrrmrrr sss 

3.1 GHS 

BSD AT HIGH SPEED FOR 15 MINUTES 
SIFT IN 

" Light Yel 2361 ... , „ u _ 

Chrome Yel 2165 7, 7 25 

Ferrite-Yel-305 WWW', •»** 

HSD FOR 30 MINUTES AND THEN. SANDMILL TO 7H 

15 MILL CLEANUP 



7.2 CMS 



PREMIX FOR MILL FLUSH 
Xylol , 

20 • 



LETDOWN MIXTURE 



GP-GX-75-162 .., 
Xylol 

PREMIX FOR LETDOWN 



39.1 GMS 
80.9 GMS 



236.4 GMS 
42.7 GMS 



SPECIFICATION 

25 Viscosity ^ 

Dispersion WWW 6 1 £° 

Hiding * H 

sag M4 

Solids content %, By'vWWWWWW. ! 

30 . Total saint ** 40 «8 

paint 1118.7 GMS 
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FORMULATIONS OF TWO COMPONENT NCO-FREE WHITE PAINT 



RAW MATERIALS PP PART ONE I 

1. White Paint - A — Resin A, GX-75-146 

2. White Paint - B — Resin B, GX-75-162 

5 RAW MATERIALS OP PART TWO: 

1. TMPTA ~ Trimethylolpropane triaerylate. 

2. ETMPTA ~ Ethoxylated trimethylolpropane triaerylate 

3. NCO-free acrylic urethane-A (NFAU-A) — GX-81-161 

4. NCO-free acrylic urethane-B (NPAU-B) — GX-81-170 
10 5. NCO-free acrylic urethane-C (NPAO-C) — 6X-87-3 

6. NCO-free acrylic urethane-D (NPAU-D) — GX-87-37 

7. Acrylic urethane-E — GX-87-44 

CATALYST : 

DBO — l,8-diazaj[5,4,0]-bicycloundecene. 

15 NCO-FREE WHITE ACRYLIC ENAMEL FORMULATION ; 

PART ONEs White Palnt-X 

Where, X » White Paint-A, White Paint-B or 
White Paint-A, and White Paint-B. 
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PART TWO t Crosslinking Agent-X 

Where , X ■ TMPTA, ETMPTA or TMPTA and ETMPTA. 

EQ.HT. Ratio of Part One/Part Two ■ 1/0.8-1 

CATALYST t DBU, 0.4-1.0% TRS 

S NCO-FREE WHITE ACRXLIC-URETHANE ENAMEL FORMULATION: 
part one * White Paint-X 

Where, X -White Paint-A, White Paint-B or 
White Paint-A and White Paint-B. 

PART TWO 8 Crosslinking Agent-X 
10 Where, X » NFAU-A, NFAU-B, NFAU-C, NPAU-0 

NPAU-E or mixture of both e.g., 
NPAU-A/NPAO-B, NFAU-D/NFAU-E etc. 

EQ.WT. Ratio of Part One/Part Two « 1/0.8-1.0 
CATALYST ; DBU, 0.4-1.0% TRS 

15 Obviously, numerous modifications and variations of 

the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 

20 herein. 
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Eiaiaa 

1. A cured polymer coaprising a first coaponent and 
a second coaponent, wherein said first coaponent coaprises 

5 at least one acetoaeetylated polyaer resin and wherein 
said second component coaprises at least one NCO-free 
urethane polymer having vlnylio end groups. 

2. The cured polyaer of Claim 1, wherein said 
10 acetoacetylated (aeth) acrylic resin is a copolymer 

obtained by copolyae rising 10 to 60 wt.% of a monomer of 
the formula (X) 

CH 2 -C (R 1 )-C00-CH 2 CH 2 -0-C0-CH 2 -C0-CH 3 (1 ) 

with 90 to 40 wt.% of an alkyl (neth)acrylate of the 
formula (IZ) 

CH^-Cd^l-CO-OR (II) 

20 wherein R is C 1-12 linear or branched saturated alkyl, and 
R* is H or CH 3 . 

3. The cured polyaer of Claim 2, wherein said HCO- 
free urethane polyaer is a polyaer of the formula (IV) 

25 

CH 3 -C ( R 1 ) -CO-0-R 2 -(HCO-NH-B-NH-CO-0-A-(H 

| : - 1 

-CO-NH-B-NH-CO-O-R -0-C0-C(ir)-CH 2 (IV) . 

30 wherein i 

each Rl Independently is H or CH_ 

each R 2 Independently is a C 2 _ 3 linear or branched 
35 saturated alkylene moiety* 

each B Is Independently a C 2>12 linear or branched 
saturated alkylene moiety, or a C. w1 , cyclic saturated 
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alkylene moiety, or a C. , 

6-14 arylene moiety » 

each A is Independently a c. ... 

2-12 linear or branched 

saturated alkylene moiety, or a C, .. 

4-12 cyclic saturated 

5 alkylene moiety, or a c fi _ l4 arylene moiety> and 
n is an integer of fron 1 to 10. 



10 



4. The cured polymer of Claim 2, wherein said HCO- 
free urethane polymer is a polymer of the formula (V)i 

tCH^CC^fCO-O-R^O-CO-HH^X ( V ) 

wherein* 

15 each R 1 independently is H or CH,» 



25 



30 



Each R 2 is independently a C 2 _ a linear or branched 
saturated alkylene moiety; 



3' 

2-3 



20 X is a C 2 _ 12 linear or branched saturated alkylene 

moiety, or a C 4 _ 12 cyclic saturated alkylene moiety, or a 
C 6-14 aryl « ne moietyi and 



m Is 2, 3 or 4. 

5. The cured polymer of Claim 2, wherein said HCO- 
free urethane polymer is a polymer obtained byi 

(1) reacting a reaction mixture of a C 2 _ 12 linear, 
branched or cyclic alkyl or aryl polyol having an average 
of 2 to 4 hydroxyl groups per molecule and a C 2 _ u linear, 
branched or cyclic saturated alkyl or aryl diisocyanate, 
triisocyanate, tetraiisocyanate, or a mixture thereof, at 
5 to 20»C, using a molar ration of OH groups to MCO groups 

35 lower than 1.0> 

(2) raising the temperature of the mixture of step 



SUBSTITUTE SHEET 



WO 91/09910 



PCT/CA90/00006 



- 43 - 

(l) to 40 to 1S0*C and Maintaining said temperature at 40 
to 150*C until an NCO content of 4 to 20 wt.% in the 
reaction mixture is reached} 

5 (3) adding a hydroxy 1 substituted alkyl 

(aeth) aery late of formula (III) 

CHj-ClR^-CO-O-I^-OH j in) 

10 wherein • 

R 1 is H or CH 3 ; and 
2 

R is a C 2-3 linear or branched saturated alkylene 
15 moiety; and 

maintaining the temperature at 40 to 1S0 # C until the 
NCO content of the mixture is below 2 wt.%, 

20 (4) adding to the reaction mixture a C 1-4 alcohol in 

an amount appropriate to obtain a ratio of OH groups to 
NCO groups greater than 1.5> and 

(5) obtaining a NCO-free urethane polymer. 

25 

6. The cured polymer of Claim 2 r wherein said 
aeetoacetylated (aeth)acrylic resin is obtained by 
reacting said monomer of formula (1) with said alkyl 
(neth) aery late of formula (IX) and styrene. 

30 

7. The cured polymer of Claim 1, further comprising 
a catalyst having a pXa of 12 to 14. 

8. The cured polymer of Claim 1, wherein said 
35 aeetoacetylated polymer is an aeetoacetylated polyester 

obtained by either (1) subjecting an hydroxyl group- 
containing polyester and a C Jr4 alkyl aeetoacetate to a 
transesterlfication reaction, or (2) subjecting an 
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25 
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unsaturated polyester and at least one monomer of formula 
(I) 

CH 2 -C(R l )-CO0-CH 2 CH 2 -O-CO-CH,-CO-CH a fT% 
wherein R l is H or CH 3 to a graft polymerization reaction. 

9. The cured polymer of Claim 8, wherein said MCO- 
free ure thane polymer is a polymer of the foraula (IV) 

CHj-CCR 1 ) -CO-0-R 2 -0fC0-NH-B-NH-C0-O-A-0+ 

I — ■ tl 

1 -CO-NH-B-NH-CO-0-R 2 -0-C0-C <R 1 )"CH 

2 (IV). 

wherein i 



each R l independently is H or CH,, 

3 

each R 2 independtly is a c 2 _ 3 linear or branched 
saturated alkylene moietyi 

each B is independently a C 2 . 12 linear or branched 
saturated alkylene moiety, or a c 4 . cyclic saturated 
alkylene moiety, or a c § _ 14 arylene moiety, 

each A is an independently c J-12 linear or branched 
saturated alkylene moiety, or a c 4 . u cyclic saturated 
alkylene moiety, or a C fi _ l4 arylene moiety, and 

n is an Integer of from 1 to 10. 

10. The cured polymer of Claim 8, wherein said HCO- 
free urethane polymer is a polymer of the formula (V)i 

(CH^CtR^CO-O-R^O-CO-NHf- X ivy 
35 whereim " 

each R 1 independently is H or CH,, 
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each R 2 is an independently C 2-3 linear or branched 
saturated alkylene noletyt 

S X is a C 2 _ 12 linear or branched saturated alkylene 

moiety, or a C 4-12 cyclic saturated alkylene moiety, or a 
Cg. 14 arylene noiety) and 

a is 2, 3 or 4. 

11. The cured polymer of Claim 8, wherein said MCO- 
free ure thane polyaer is a polyaer obtained by* 

(1) reacting a mixture of a C 2 _ 12 linear, branched 
15 or cyclic alkyl or aryl polyol having an average of 1 to 

4 hydroxyl groups per molecule and a C 2-12 linear, 
branched or cyclic alkyl or aryl polyol having an average 
of 1 to 4 hydroxyl groups per molecule and a C 2 _ 12 linear, 
branched or cyclic saturated alkyl or aryl diisoeyanate, 
20 trilsocyanate, tetraiisocyanate, or mixture thereof, at 5 
to 20*C t 

(2) raising the temperature of the mixture of step 
(1) to 40 to 150*C and maintaining said temperature at 40 

25 to 1S0*C with an HC0 content of 4 to 20 wt.% in the 
reaction mixture is reached i 

(3) adding a hydroxyl substituted alkyl 
(math) aery lata of formula (III) 

30 

CH^CMtS-CO-O-I^-OH (in) 

wherein i 

R-l is H or CH 3 i and 

35 

2 

R is a C 2 _ 3 linear or branched saturated alkylene 
moiety) and 
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maintaining the temperature at 40 to 1S0*C until the 
NCO content of the mixture is below 2 wt.%; 

(4) adding to the reaction mixture a C 1-4 alcohol 
in an amount appropriate to obtain a ratio of OB groups 

5 to NCO groups greater than 1.5; and 

(5) obtaining a NCO-free urethane polymer, 

12. An article coated with a coating obtained by 
curing a first component and a second component, wherein 
said first component is at least one acetoacetylated 

10 polymer resin and wherein said second component is at 
least one NCO-free urethane polymer having vinylic end 
groups. 

13. The coated article of Claim 12, wherein said 
acetoacetylated polymer resin is an 

15 acetoacetylated(meth)acrylic copolymer resin obtained by 
copolymer izing lp to 60 wt.% of a monomer of the formula 
C.X) 

CH 2 =C(R 1 )-COO-CH 2 CH 2 -0-CO-CH 2 -CO-CH3 " (I) 

with 90 to 40 wt.% of an alkyl (meth)acrylate of the 
20 formula (XX) 

CHjj-CCR^-CO-OR (XX) 

wherein R is Cj_ 12 linear or branched saturated alkyl, 
and R* i 8 h or CH 3 . 

14. The coated article of Claim 12, wherein said 
25 NCO-free urethane polymer is a polymer of the formula 

(IV) 
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CH 2 -C(R 1 )-C0-O-R 2 -OfC0-NH-B-NH-C0-0-A-0» n f 
' -CO-NH-B-NH-CO-0-R 2 -0-CO-C(R 1 )-CH 2 (IV), 

wherein i 

each R l independently is B or CB 3 ; 

5 each R 2 independently is a C 2 _ 3 linear or branched 

saturated alkylene moiety? 

each B is independently a C 2-l2 linear or branched 
saturated alkylene moiety, or a C 4 _ 12 cyclic saturated 
alkylene moiety, or a C 6 „ 14 arylene moiety; 

• 

10 each A is independently a C 2 _ 12 linear or branched 

saturated alkylene moiety, or a C 4 _ 12 cyclic saturated 
alkylene moiety, or a c 6 _ 14 arylene moiety; and 

n is an integer of from 1 to 10. 

15. the coated article of Claim 12, wherein said 
15 NCO-f ree urethane polymer is a polymer of the formula 

( CH 2 »C (R 1 tCOO-R 2 -0-CO-NHt n X (V) 

wherein; 

each R 1 independently is B or CB 3 ; 

20 each R 2 is independently a C 2 _ 3 linear or branched 

saturated alkylene moiety; 

X is a C 2 _ I2 linear or branched saturated alkylene 
moiety, or a C 4 . 12 cyclic saturated alkylene moiety, or a 
c 6-14 Arylene moiety; and 

25 m is 2, 3 or 4. 
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16. The coated article of Claim 12, wherein said 
KCO-free urethane polymer is a polymer obtained by: 

(I) reacting a mixture of a C 2 . X2 linear, branched 
or cyclic alkyl or aryl polyol having an average of 2 to 
5 4 hydroxyl groups per molecule and a C 2 _ 12 linear, 
branched or cyclic saturated alkyl or aryl diisocyanate, 
triisocyanate, tetraiisocyanate, or a mixture thereof, at 
3 to 20»C, using a molar ratio of OB groups to MCp groups 
lower than 1.0 



10 (2) raising the temperature of the mixture, of step 

(1) to 40 to 150°C and maintaining said temperature at 40 
to 150»C with an MCO content of 4 to 20 wt.% in the 
reaction mixture is reached; 

(3) adding a hydroxyl substituted alkyl 

15 (meth)acrylate of formula (III) 

CH 2 -C ( R 1 ) -CO-0-R 2 -OH (XII) 

whereint 



R is B or CB 3 i and 

R 2 is a C 2 . 3 linear or branched saturated alkylene 
20 moietyi and 

maintaining the temperature at 40 to 150°C until the 
MCO content of the mixture is below 2 wt.% j 

(4) adding to the reaction mixture a C x . 4 alcohol 
in an amount appropriate to obtain a ratio of OB groups 

25 to HCO groups greater than 1.5} and 

(5) obtaining a NCO-free urethane polymer. 

17. The coated article of Claim 13, wherein said 
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aoetoacetylated (meth)acrylic resin is obtained by 
reacting said monomer of formula (I) with said alkyl 
(meth)acrylate, of formula (IX) and styrene. 

18. The coated article of Claim 12, wherein said 
5 acetoacetylated polymer is aoetoacetylated polyester 

obtained by either (l) subjecting a hydroxy group- 
containing polyester and a C 1-4 alxylacetoacetate to a 
transesterification reaction* or -(2) subjecting an 
unsaturated polyester and at least one monomer of formula 
10 (I) 

CH 2 *C ( R 1 ) -C0O-CH 2 CH2-O-C0-CH 2 -CO-CH3 (X) 

wherein R 1 is H or CH 3 to a graft polymerisation 
reaction. 

19. The coated article of Claim 18, wherein said 
15 NCO-free ur ethane polymer is a polymer of the formula 

CIV) 

^ CH,«C (R 1 ) -CO-Q-R 2 -Of CO-NH-B-KH-CO-Q--A-0» w y 

" -CO-NB-B-NH-CO-0-R*-0-CO-C ( ) -CH 2 (XV). 

wherein t 

20 each R 1 independently is H or CB 3 i 

each R 2 independently is a C 2 _ 3 linear or branched 
saturated alkylene moiety; 

each B is independently a. C 2 . 12 linear or branched 
saturated alkylene moiety, or a C 4 .j 2 cyclic saturated 
25 alkylene moiety, or a C 6 _ 14 arylene moietyi 

each A is independently a C 2 . 12 linear or branched 
saturated alkylene moiety, or a C 4 _ 12 cyclic saturated 
alkylene moiety, or a C 6 . 12 arylene moietyi and 
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Il ia an integer of from l to 10. 

20. The coated article of Claim 18, wherein said 
HCO-free urethane polymer is a polymer of the formula 
(V): 

5 ( CH 2 «C { R 1 tCO-0-R 2 -0-CO-NHt m X (V j 

wherein: 

each R 1 independently is H or CH 3 i 

each R 2 is independently a C 2-3 linear or branched 
saturated alkylene moiety; 



10 



15 



X is a C 2 - 12 linear or branched saturated alkylene 
moiety, or a C 4 . 12 cyclic saturated alkylene moiety, or a 
c 6-14 a*ylene moiety; and 



m is 2, 3 or 4. 



21. The coated article of Claim 12, wherein said 
HCO-free urethane polymer is a polymer obtained by: 

(1) reacting a reaction mixture of a C 2 12 linear, 

branched or cyclic alkyl or aryl polyol having an average 

of 2 to 4 hydroxyl groups per molecule and a C 2 12 

linear, branched or cyclic saturated alkyl or aryl 

20 diisocyanate, triisocyanate, tetraiisocyanate, or mixture 
thereof, at 5 to 20*C; 

(2) raising the temperature of the mixture of step 
CU to 40 to 150-C and maintaining said temperature at 40 
to 150-C with an NCO content of 4 to 20 wt.% in the 

25 reaction mixture reached; 

(3) adding a hydroxyl substituted alkyl 
(meth)acrylate of formula (Hi) 



-SUBSTITUTE SHEET 



WO 91/09910 



PCT/CA90/00006 



- 51 - 

CH 2 »C (R 1 ) -CO-0-R 2 -OH (HI) 

wherein i 

R 1 is H or ch 3 i and 

R* is a C 2 -3 linear or branched saturated alkylene 
5 moiety) and 

maintaining the temperature at 40 to 150*C until the 
NCO content of the mixture is below 2 wt.lj 

(4) adding to the reaction mixture a Cj.4 alcohol 
in an amount appropriate to obtain a ratio of OH groups 

10 to NCO groups greater than 1.5* and 

(5) obtaining a NCO-free urethane polymer. 

22. An article obtained by curing a first component 
and a second Component, wherein said first component 
comprises at least one an acetoacetylated polymer resin 

15 and wherein said second component comprises at least one 
NCO-free urethane polymer having vinylic end groups. 

23. The article of Claim 22, wherein said article 
is an automobile , a fabric-based article or a shoe. 

24. A double pane window, comprising two panes of 
20 glass bound to each other with an adhesive composition 

obtained by curing at least one acetoacetylated polymer 
resin with at least one NCO-free urethane polymer having 
vinylic end groups. 
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